We investigated /-type doublet transitions of 15 N 2 0 in the first excited state of the degenerate bending vibration v 2 with 14 < J < 34. From analysis of the ./-dependence of the line center frequencies, the doubling constant q i0) was obtained together with the first and second order centrifugal distortion constants q {1) and q a \ respectively. For the lines in the J-band (4 to 8.2 GHz) and K-band (18 to 26.5 GHz) we have also investigated the pressure broadening due to self-collisions with use of the transient emission technique. The experimental results for the pressure broadening parameter r p are compared with predictions from binary collision theory, based on the modified Murphy-Boggs perturbative treatment.
Introduction
In the microwave range /-type doublet transitions of linear molecules have mainly been investigated to determine the doubling constant for degenerate vibrational modes with a vibrational angular momentum / h along the symmetry axis. In some cases a centrifugal distortion analysis has been included. The determination of the doublet constants is useful to get more information about the intramolecular Coriolis interaction between vibration and rotation, which removes the ± /-degeneracy of the rovibrational energy levels.
Pressure broadening parameters for /-type doublet transitions have been determined rarely [1] [2] [3] [4] [5] [6] in the microwave region. The investigation of pressure broadening parameters of /-type doubling transitions is useful in addition to the investigation of the selfbroadening of pure rotational lines because these studies provide additional information about rotational relaxation caused by differences of collision-induced energy transfer involved in the two types of transitions. These differences are mainly due to the two following reasons. 
Experimental
The transient emission technique involves the detection of the transient emission signals of the molecular sample following an intense microwave pulse.
For the experiments microwave Fourier transform spectrometers in J- [10] , X- [11] , Ku- [12] , K- [13] , and V-band [14] were used. 1024 points were sampled at an interval of 10 ns, i.e.
with a rate of 100 MHz. The results of consecutive 0932-0784 / 93 / 0500-720 $ 01.30/0. -Please order a reprint rather than making your own copy. experiments were accumulated in a 16-bit memory of a digital averager to achieve signal-to-noise improvements.
To avoid the hyperfine splittings due to the 14 Nnuclear quadrupole coupling we used nitrous oxide with both nitrogen atoms being 15 N. NH 4 N0 3 (Medgenix Co. purity exceeding 99%) was dehydrated by heating to get N 2 0. The sample was destilled twice under vacuum. The isotopic purity was better than 95%. For the pressure broadening studies the pressure was varied from about 1.5 to 90 mTorr. Pressure measurements were made with a MKS Baratron 31 OB capacitance manometer.
The transient emission signal was analysed by a least squares fit program according to the expression
with S 0 , T 2 , v, and <P as fitting parameters. S 0 is the value of the signal at the end of the microwave pulse, 1/T 2 the decay rate due to collisions either with other molecules or with the wall of the sample cell, v corresponds to the frequency of the oscillating signal and q is related to the Doppler halfwidth (Av D = (In 2) 1/2 / 2 n q) of the line. All measurements were done at room temperature. Table 1 . /-type doublet transition frequencies for 15 N 2 0 in the vibrational state v 2 = 1. J is the rotational quantum number, v 0 (obs.) is the observed and v 0 (calc.) the calculated frequency. The calculation was made by use of (2) and the constants of Table 2 .
[ 
Centrifugal Distortion Analysis
We measured the lines which were included in our studies of the pressure broadening several times, each time at a different pressure. No significant pressure-induced lineshift was observed. So it was possible to use the mean value of the line-center frequency for the further analysis. The lines which were not used for the determination of the pressure dependence of 1/F 2 were recorded only once at the lowest possible pressure. The experimental resonance frequencies for /-type doublet transitions may be approximated by the expression [ This calculation was confirmed by his infrared measurements.
We used our observed frequencies to get the constants q (l) (0 < i < 2) from a least squares fit. Table 1 (1) from Table 2 . The agreement between experimental and theoretical values (see Table 1 ) is indicated by the resulting 1.9 kHz root mean squares deviation of the fit. The fitting of q (3) showed no further improvement.
Pressure Broadening
Recent theoretical treatments of the transient emis- [17] . The errors in the parentheses are in the last digit given and equal the standard deviation.
pendent relaxation rates [9, 18] predict nonexponential decay behaviour. Such a speed dependence of the rotational relaxation for the J = 0-+1 transition of N 2 0 was described in [7] and [8] . For the investigated /-type doublet transitions no significant speed dependence of the rotational relaxation rates was observed.
The pressure dependence of 1/T 2 (see (1) 
(3)
The intercept a accounts mainly for wall collisions.
The slope ß yields the pressure boadening parameter isotropy of polarizability [22] . It should be noticed that the used quadrupole moment is twice the value given in [23] . The pressure dependence F p for the /-type doublet transition with J=16 is plotted in Figure 1 .
In Fig. 2 we present the J-dependence of the self- mental and for the theoretical values which are 15% to 30% larger than the experimental values. Former investigations [2, 3, 6] showed the same discrepancies between experimental and theoretical values for linewidth parameters due to self-broadening.
The fraction / (J p ) of perturber molecules with rotational quantum number J p is the weighting factor for the calculation of the self-broadening parameter r p from the parameters rj p which reflect the broadening caused by perturber molecules in rotational state J p according to
j p
In former investigations [2, 3, 6] the ./"-dependence of r p p for different /-type doublet transitions with the rotational quantum numbers J were shown in figures. The curves r p p were always more or less sharply peaked around J p = J. This fact was always explained by the first order dipole-type collisional selection rules AJ = 0, ±1, AJ p = 0, +1 [24] and the dominant contribution from collisions with near resonant exchange of rotational energy to the broadening of the lines. Thus, according to (4) the pressure broadening parameter J p peaks around the J-value which corresponds to the maximum of the Boltzmann distribution /(J p ).
For nitrous oxide the observed ./-dependence of the self-broadening parameter is also mostly caused by the Boltzmann distribution of the population of perturber rotational energy levels. However, N 2 0 has by far the smallest dipole moment and the largest quadrupole moment in comparison with previously studied molecules [2, 3, 6] , From calculations based on the MB-theory it can be shown that collision-induced transitions caused by quadrupole-quadrupole interaction predominantly contribute to the linewidth. The quadrupole-type collisional selection rules are AJ = 0, ±1, +2, AJ p = 0, +2 for J p in the vibrational ground state. Reflecting the combination of different interactions, the peaks in the curves f p p are broadened and The maximum of the Boltzmann distribution curve is at about J=14 at room temperature. For this J quantum number the broadening of the line should be at maximum. It was not possible to test this fact because the transition frequencies for the /-type doublet transitions with J < 13 were out of the range of our spectrometers.
Conclusion
Summarizing our results from the centrifugal distortion analysis, we conclude that the centrifugal distortion constants are accurately determined up to second order. The agreement between experimental and theoretical resonance frequencies is better than the resolution of the spectrometer. For some of the transitions we alo determined linewidth parameters from the pressure dependence of transient emission decay rates. We explained the observed J-dependence of the pressure broadening parameters qualitatively with a Boltzmann population distribution of the perturber rotational states. The results are compared with calculations by means of the modified Murphy-Boggs theory. Differences between the experimental and the theoretical values are believed to be due to insufficiencies of the used theory to treat binary collisions. The interpretation of the J-dependence of linewidth parameters is complicated by the large molecular quadrupole moment of N 2 0.
